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ABSTRACT: 

A redundancy architecture suitable for high density integrated circuit memory, such as mask 
ROM is based on a two transistor redundancy cell that has a very small layout. Both row and 
column failure modes can be repaired. The memory used to characterize the failed row or 
column is implemented using an extra column (13) or row (14) respectively which is 
manufactured in a com pact layout adjacent the array (10). In preferred embodiments, both an 
extra column (13) and an extra row (14) are laid out adjacent the array, using novel two transistor 
floating gate cells. Mode select logic is included by which replacement of a row or of a column is 
selected for the device. In the replacement row mode, a memory cell in the extra column (13) is 
used to indicate the row to be replaced, and to enable the reading of the data from the 
replacement world line in place of the failed row. In the replacement column mode, a memory 
cell in the extra row (1 4) is used to indicate the column to be replaced, and to enable the sensing 
of data from the replacement column in place of the failed column in the array. 
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(54) Memory redundancy circuit for high density memory with extra row and column 

(57) A redundancy architecture suitable for high 
density integrated circuit memory, such as mask ROM is 
based on a two transistor redundancy cell that has a 
very small layout. Both row and column failure modes 
can be repaired. The memory used to characterize the 
failed row or column is implemented using an extra col- 
umn (13) or row (14) respectively which is manufactured 
in a compact layout adjacent the array (10). In preferred 
embodiments, both an extra column (13) and an extra 
row (14) are laid out adjacent the array, using novel two 
transistor floating gate cells. Mode select logic is 
included by which replacement of a row or of a column 
is selected for the device. In the replacement row mode, 
a memory cell in the extra column (13) is used to indi- 
cate the row to be replaced, and to enable the reading 
of the data from the replacement world line in place of 
the failed row. In the replacement column mode, a mem- 
ory cell in the extra row (14) is used to indicate the col- 
umn to be replaced, and to enable the sensing of data 
from the replacement column in place of the failed col- 
umn in the array. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to integrated cir- 
cuit memory design, and more particularly to circuitry 
for providing on chip redundancy for high density mem- 
ory arrays such as mask read only memory ROM. 

Description of Related Art 

[0002] In the manufacture of integrated circuit memory 
devices, it is common to provide a redundant segment 
of memory in addition to the main array, which can be 
used as a replacement for defective segments of the 
array. Thus, additional rows or columns of memory cells 
are provided on an integrated circuit memory device. 
After manufacturing of the device, it is tested to deter- 
mine whether all segments of the main array are in good 
condition. If any segment of the array fails the testing, 
then it may be replaced by the redundant segment by 
storing an address on the chip characterizing the failed 
segment, and using circuitry which is responsive to the 
stored address to access the additional segment in 
place of the defective one. This process significantly 
improves manufacturing yield for memory circuits. 
[0003] Substantial prior art in this field is represented 
for instance by U.S. Patent No. 3,753,244, U.S. Patent 
No. 4,047,163, U.S. Patent No. 4,250,570, and publica- 
tions such as McKinney, "A 5V 64K EPROM Utilizing 
Redundant Circuitry", 1980 IEEE International Solid- 
State Circuits Conference, pages 146-147. 
[0004] One field in which redundancy has not been 
widely applied is in the field of high density read-only 
memory ROM devices, such as mask ROM. Because 
the ROM cells in a mask ROM are programmed using a 
manufacturing step, it is impossible to use other mask 
ROM cells as an additional replacement segment. This 
is true because the additional segment of ROM cells 
can not be programmed after testing with the data from 
the failed segment. Thus, unlike programmable memory 
devices, in which the memory elements of the array are 
designed to be programmed after manufacturing, and in 
which redundant elements are easily utilized, read-only 
memory circuit* Hn nct readily allow ifc u*e of redun- 
dancy. 

[0005] It has been proposed to use single polysilicon 
floating gate transistors as redundancy elements for 
mask ROM. See for example, co-pending U.S. Patent 
application entitled MEMORY REDUNDANCY CIR- 
CUIT USING SINGLE POLYSILICON FLOATING GATE 
TRANSISTORS AS REDUNDANCY ELEMENTS, 
invented by Yiu, et al., filed April 2, 1997, having appli- 
cation number 08/825,873 (PCT application number 
PCT/US96/17300). One problem associated with the 
layout of floating gate transistors as redundancy ele- 



ments for mask ROM is that the mask ROM is a very 
dense memory structure. Thus, in order to fit within the 
array structure of a mask ROM array, the floating gate 
redundancy elements must be laid out in a very com- 

5 pact fashion This has prevented efficient implementa- 
tions of mask ROM arrays with floating gate r edundancy 
elements in the prior art. However, an EPROM like cell 
based on a single layer polysilicon floating gate transis- 
tor, that is programmed by hot electron injection is a 

10 good way to replace abnormal core cells in a mask 
ROM array. 

[0006] As the density of memory arrays shrinks, and 
the need to improve yield is increased, applying redun- 
dant elements to read-only memory devices is desired. 
15 However, the redundant elements must be compact and 
compatible with the ROM manufacturing process, so 
that the cost of implementing the redundant elements 
does not outweigh any gains in manufacturing yield 
achieved by the redundancy. 

20 

SUMMARY OF THE INVENTION 

[0007] Particular and preferred aspects of the inven- 
tion are set out in the accompanying independent and 

25 dependent claims. Features of the dependent claims 
may be combined with those of the independent claims 
as appropriate and in combinations other than those 
explicitly set out in the claims. 
[0008] In accordance with one aspect of the present 

30 invention, an extra column or row is provided in an inte- 
grated circuit memory to characterise a failed row or col- 
umn, respectively 

[0009] Embodiments of the present invention provide 
a redundancy architecture suitable for high density inte- 

35 grated circuit memory, such as mask ROM The redun- 
dancy architecture is based on a two transistor 
redundancy cell that has a very small layout relative to 
the prior art. Both row and column failure modes can be 
repaired using the redundancy architecture of preferred 

40 embodiments of the present invention. Furthermore, the 
redundancy architecture of preferred embodiments of 
the present invention can be manufactured using typical 
single metal, single polysilicon, mask ROM processes. 
[0010] According to another aspect of preferred 

45 embodiments of the present invention, the memory 
used to characterize the failed row or column :c imple- 
mented using an extra column or row respectively which 
is manufactured in a compact layout adjacent the array 
This saves significantly in space on the integrated cir- 

so cuit, because it eliminates the need for an extra content 
addressable memory array in the device for registering 
the addresses of failed rows or columns. In a preferred 
system, both an extra column and an extra row are laid 
out adjacent the array, using novel two transistor floating 

55 gate cells. Mode select logic is included by which 
replacement of a row or a column is selected for the 
device. In the replacement row mode, a memory cell in 
the extra column is used to indicate the row to be 
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replaced, and to enable the reading of the data from the 
replacement word line in place of the failed row. In the 
replacement column mode, a memory cell in the extra 
row is used to indicate the column to be replaced, and 
to enable the sensing of data from the replacement col- 5 
umn in place of the failed column in the array 
[0011] Thus, the preferred embodiments of the 
present invention provide an integrated circuit memory 
that comprises an array of read only memory cells hav- 
ing a set of bit lines and a set of word lines coupled with 10 
the array. A plurality of sense amplifiers is coupled to the 
set of bit lines which sense data values stored in the 
array in selected columns in response to addresses. A 
plurality of word line drivers is coupled to the set of word 
lines, and drive a read potential to rows of memory cells 15 
in the array in response to addresses. A column of elec- 
trically programmable memory cells is coupled to the 
set of word lines, and include an extra bit line coupled to 
the column of electrically programmable memory cells 
and an extra sense amplifier coupled to the extra bit 20 
line. A row of electrically programmable memory cells is 
included and coupled to the set of bit lines. The row 
includes an extra word line coupled to the row of electri- 
cally programmable memory cells and an extra word 
line driver coupled to the extra word line. Logic rs 25 
included coupled to the extra sense amplifier and the 
extra word line driver which is responsive to data stored 
in an electrically programmable memory cell in the extra 
column and coupled to a particular word line in the set 
of word lines as indicated by the output of the extra 30 
sense amplifier to enable the plurality of sense amplifi- 
ers to output data from the extra row as a replacement 
for the particular row in the array. Alternatively, logic is 
coupled to the extra sense amplifier and the extra word 
line driver which is responsive to data stored in the elec- 35 
trically programmable memory cell in the extra row, and 
coupled to a particular bit line in the set of bit lines as 
indicated by the output of a sense amplifier in the plural- 
ity of sense amplifiers, and to the output of the extra 
sense amplifier to output data from the extra column as 40 
a replacement for the particular column in the array. As 
mentioned above, in a preferred embodiment mode 
select circuits are included to select either the column 
replacement or the row replacement modes. 
[0012] Preferred embodiments of the present inven- 45 
tion also provide for use of the novel floating gate mem- 
ory cells in a redurvignt rc . v cr a redurwani coiumn in 
the array. Thus, the preferred embodiments of the 
present invention also provide an integrated circuit 
memory comprising an array of memory cells, a set of so 
bit lines coupled with the array and a set of word lines 
coupled with the array. A buried diffusion word line is 
implemented by implants diffused in the substrate adja- 
cent the array, and parallel to the word lines in the set of 
word lines. A redundant word line is adapted to replace 55 
a word line in the set of word lines coupled to an abnor- 
mal core cell. The redundant word line is spaced away 
from the buried diffusion word line. First and second 



buried diffusion regions between the buried diffusion 
word line and the redundant word line, and a channel 
region between the first buried diffusion region and a 
second buried diffusion region form part of the redun- 
dant cell A floating gate member is arranged to overlie 
a segment of the buried diffusion word line, and to 
extend between the buried diffusion word line and a 
redundant word line around the first buried diffusion 
region and over the channel region between the first dif- 
fusion region and the second buried diffusion region. A 
third buried diffusion region adjacent the redundant 
word line opposite the second buried diffusion region is 
arranged so that the second buried diffusion region acts 
as a source terminal, the third buried diffusion region 
acts as a drain terminal, and the redundant word line 
acts as a gate of a transistor. A first contact is made 
between the first buried diffusion region and a first bit 
line in the set of bit lines, and a second contact is made 
between a third buried diffusion region and a second bit 
line in the set of bit lines. 

[0013] In a preferred system, the word lines in the set 
of word lines comprise conductive materials such as 
polysilicon, and the redundant word line comprises the 
same conductive material, and can be implemented 
with the same mask steps. The set of bit lines comprise 
metal lines formed in a metal layer overlying the polysil- 
icon layer. The first and second contacts comprise con- 
tacts between the first and third buried diffusion regions 
and the first and second bit lines in the metal layer. 
According to another aspect of the invention, the bit 
lines in the set of bit lines comprise essentially straight 
conductors overlying the array of memory cells, and the 
set of word lines. The first and second bit lines include 
essentially straight extensions of the bit lines to the first 
and second contacts, respectively, in the redundancy 
cell. 

[0014] In an integrated circuit memory, a plurality of 
redundancy cells are implemented as discussed above, 
all fitting within the horizontal pitch of the memory array, 
because the layout supports straight extensions of the 
bit lines over the redundancy cells. More than one row 
of redundancy cells may be required to replace a full 
row of mask ROM cells, for example when there are two 
mask ROM cells for every metal bit line. 
[0015] According to an alternative embodiment, the 
redundancy cells are arrange to provide a replacement 
column. According to this embodiment, the buried diffu- 
sion word line is arranged essentially parallel with 
extensions of the word lines of the array. Word lines in 
the array have essentially straight extensions over the 
channel region of the transistors in the redundancy cell. 
[0016] According to yet another embodiment of the 
present invention, both a redundant column and a 
redundant row are implemented in association with a 
single array of memory cells. 

[0017] The redundancy architecture of preferred 
embodiments of the present invention is compact and 
highly efficient in layout for ease of manufacture with 
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high density mask ROM devices. By providing efficient 
redundancy, the manufacturing yield for mask ROM will 
be greatly improved. 

[0018] Other aspects and advantages of the present 
invention can be seen upon review of the figures, the 
detailed description and the claims which follow. 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] 

Fig. 1 is a simplified block diagram of a mask ROM 
integrated circuit memory including a replacement 
row and a replacement column of electrically pro- 
grammable memory cells according to preferred 
embodiments of the present invention with a 
selectable row replacement mode or column 
replacement mode. 

Fig. 2 illustrates the design of a prior art floating 
gate redundancy cell. 

Fig. 3 illustrates the layout of the prior art floating 
gate redundancy cell of Fig. 2 in one example sys- 
tem. 

Fig. 4 illustrates the two transistor, floating gate cell 
of preferred embodiments of the present invention. 
Fig. 5 illustrates the layout of the two transistor, 
floating gate cell of preferred embodiments of the 
present invention. 

Fig. 6 is a schematic diagram of a mask ROM inte- 
grated circuit having a replacement row imple- 
mented according to preferred embodiments of the 
present invention. 

Fig. 7 is a schematic diagram of a mask ROM inte- 
grated circuit having a replacement column accord- 
ing to preferred embodiments of the present 

invention. 

Fig. 8 is a schematic diagram illustrating operation 

of preferred embodiments of the present invention 

in a row replacement mode. 

Fig. 9 is a timing diagram illustrating operation of 

the row replacement mode of Fig. 8. 

Fig. 10 is a schematic diagram illustrating operation 

of preferred embodiments of the present invention 

in a column replacement mode. 

Fig. 1 1 is a timing diagram illustrating operation of 

the circuit of Fig. 10 for column replacement mode. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0020] A detailed description of preferred embodi- 
ments of the present invention is provided with respect 
to the figures, in which Fig. 1 illustrates basic architec- 
ture of preferred embodiments of the present invention. 
[0021] Fig 1 shows a read-only memory device hav- 
ing row and column redundancy using electrically pro- 
grammable cells according to preferred embodiments of 
the present invention. Thus, the device includes a mask 



ROM array 10 such as described in U.S. Patent No. 
5,117,389 entitled FLAT CELL READ-ONLY INTE- 
GRATED CIRCUIT invented by Tom D.H. Yiu. Other 
read only memory architectures could be utilized as 
5 well, including read only memory arrays which are pro- 
grammed using techniques other than mask program- 
ming. 

[0022] According to the redundancy architecture as 
shown in Fig. 1 , the array includes a set of word lines 1 1 
w and a set of bit lines 12 by which individual cells in the 
array are accessed. An extra column 13 and an extra 
row 14 are implemented on the device, adjacent the 
array 10. The extra column 13 includes a column of 
electrically programmable memory cells which are cou- 
15 pled to the set of bit lines 1 1 by extensions 1 1 A of the 
word lines. The extensions 11 A of the word lines are 
coupled to a row decoder 15 which is responsive to 
addresses on line 16 to drive word lines in the set 1 1 of 
word lines in the array. In the illustration, the word lines 
20 in the set 11 are driven through the extensions 1 1 A of 
word lines which are coupled to the extra column 13. 
[0023] The extra row 14 is coupled to extensions 12A 
of the set 12 of bit lines in the array, such that at least 
one electrically programmable memory cell is coupled 
25 to each bit line in the set 12 of bit lines. The extensions 
12A of the bit lines are coupled to a column decoder 1 7 
which is responsive to addresses on line 18 to select a 
particular column in the array. A plurality of sense ampli- 
fiers 19 is coupled to the column decoder 17 to supply 
30 data on line 20 as output. 

[0024] According to preferred embodiments of the 
present invention, control logic 21 is included which for 
row replacement includes an extra sense amplifier for 
the extra column 13 and an extra word line driver for the 
35 extra row 14. The logic is responsive to data stored in a 
memory cell in the extra column 13 and coupled to a 
particular word line in the set 1 1 of word lines as indi- 
cated by output of the extra sense amplifier to enable 
the plurality of sense amplifiers to output data from the 
40 extra row 14 as a replacement for the particular row in 
the array. In the column replacement mode the logic is 
responsive to data stored in a memory cell in the extra 
row 1 4 and coupled to a particular bit line in the set of bit 
lines 12 as indicated by output of a sense amplifier in 
45 the plurality of sense amplifiers 1 9, and to output of the 
extra sense amplifier in the control ionic 21, tc cutpjt 
data from the extra column 13 as a replacement for the 
particular column In the array. Also, in a preferred sys- 
tem, the control logic 21 includes a mode selection cir- 
50 cuit, such as a content addressable memory cell which 
is set during manufacture to enable either replacement 
row or replacement column mode for the device. 
[0025] Thus, during testing of a ROM device as shown 
in Fig 1, a defective row in the ROM array 10 may be 
55 detected. The defective row address or column address 
is stored in the programmable store (the extra column 
13 or the extra row 14, respectively in the preferred sys- 
tem), and the data from the defective row is pro- 
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grammed into the replacement row 14 by means of 
access provided by programming control circuitry (not 
shown). This access may be provided using special pins 
for providing programming potentials for the floating 
gate cells, using charge pumps on chip that allow the 5 
generation of programming voltages based on the 
standard supply voltages, or other techniques known in 
the art. 

[0026] The redundancy circuitry shown in Fig. 1 is 
based on the storage of defective row or column 10 
addresses in the extra column or row respectively. Alter- 
native systems use defective address storage elements, 
address comparators, and an address input buffer. 
Alternative logic circuits which operate to utilize the 
replacement row or column in place of a defective row 15 
or column in the array can be implemented as known in 
the art. 

[0027] Figs. 2 and 3 illustrate the circuit and layout of 
two redundancy cells based on flat, single floating gate 
transistors according to the prior art. The redundancy 20 
cells as shown in Fig. 2 are coupled to a first bit line 100 
and a second bit line 101 from the memory array with 
which it is associated. The drain of a first floating gate 
transistor M1 and the drain of a second floating gate 
transistor M2 are coupled to the first bit line 100. The 25 
source of the floating gate transistor M1 and the source 
of the floating gate transistor M2 are coupled to the sec- 
ond bit line 101 . Redundant word lines 102 and 103 are 
coupled respectively to the control gates of the transis- 
tors M1 and M2. The floating gate is formed by a single 30 
layer of polysilicon. The control gate includes a buried 
diffusion control gate coupled to the redundant word 
lines by a butting contact as described below 
[0028] Fig. 3 illustrates the layout of the cell of Fig. 2. 
As can be seen in Fig. 3, a redundant word line 102 is 35 
implemented with a polysilicon line overlying the array. 
A buried diffusion line 105 essentially parallel with the 
redundant word line 1 02 is laid out across the array. The 
buried diffusion line 105 is an isolated p-type diffusion 
line, implemented in an n-type well 106. A "T shaped" *o 
floating gate 107 has a first region overlying the buried 
diffusion region 105. and a second region which 
extends downward over the channel region of the float- 
ing gate memory cell. A buried diffusion region 108 pro- 
vides the source of the floating gate memory cell, and a 45 
buried diffusion regions 109 provides the drain of the 
floating g»t 5 memory celi. A channel region underlies 
the floating gate 107. Metal contacts 1 10 and 1 1 1 pro- 
vide contact between the buried diffusion regions 108 
and 1 09 and the metal bit lines 1 00 and 1 0 1 . 50 
[0029] The buried diffusion region 105 contacts the 
redundant word line 102 by a butting contact 1 12 imple- 
mented by a metal plug which extends from the buried 
diffusion region to the polysilicon redundant word line. 
In this prior art redundancy cell, in addition to the butting 55 
contact provided by a metal region 112, the metal con- 
tacts 110 and 111 are used to contact the metal bit 
lines. While this cell fits between the bit lines 100 and 



101, it is relatively large in layout. 

[0030] The area of the cell according to this prior art 

design is about 5.9 microns high by about 6.4 microns 

wide. 

[0031 ] It is desirable to provide an even more compact 
floating gate redundancy cell. In addition, it is desirable 
to provide a redundancy cell architecture suitable for 
use in implementing a redundancy column. 
[0032] Fig. 4 illustrates the redundancy cell of pre- 
ferred embodiments of the present invention. In Fig. 4, 
two cells are illustrated between a first bit line 200 and a 
second bit line 201 . In the embodiment shown, the first 
bit line 200 is a ground line and the second bit line 201 
is a data line. The first redundancy cell is composed of 
the floating gate transistor M2 and the pass gate tran- 
sistor M1 The drain of transistor M2 is coupled to the 
first bit line 200. The source of the transistor M2 is con- 
nected to the source of the transistor M1. The drain of 
transistor M1 is connected to the second bit line 201. A 
buried diffusion word line 202 acts as the control gate of 
the floating gate cell M2. 

[0033] A mirror image cell is also illustrated in Fig. 4 
composed of floating gate cell M4 and pass transistor 
M3. The drain of floating gate transistor M4 is con- 
nected to the first bit line 200. The source of the floating 
gate transistor M4 and the source of the floating gate 
transistor M3 are coupled together. The drain of the 
pass transistor M3 is connected to the second bit line 
201. The control gate of the floating gate transistor M4 
is connected to a second buried diffusion line 203. 
Redundant word lines 204 and 205 are connected to the 
gates of the pass transistors M1 and M3, respectively. 
[0034] The pass transistors M1 and M3 are controlled 
by the redundant word lines. To access a cell, the redun- 
dant word lines are energized, as well as the buried dif- 
fusion word lines. 

[0035] The layout of the redundancy cell shown in Fig. 
4 is illustrated in Fig. 5. Fig. 5 shows four cells coupled 
to a set of four bit lines including bit line 200, bit line 201 , 
bit line 210. and bit line 211. These bit lines overlay the 
top of the array, and comprise essentially straight exten- 
sions out of the mask ROM array of the bit lines. Con- 
tacts 220 and 221 provide contact to a first cell between 
the bit line 200 and the bit line 201. The contact 220 is 
coupled to a buried diffusion region 222. A second bur- 
ied diffusion region 223 «es t>eiween tne contact 220 
and the contact 221. A third buried diffusion region 224 
is coupled through the contact 221 to the metal line 20 1 . 
A channel region divides the buried diffusion region 224 
from the buried diffusion region 223. The redundant 
word line 204 overlies the channel region between the 
buried diffusion region 224 and the buried diffusion 
region 223. This establishes a transistor corresponding 
to transistor M1 of Fig. 4. Also, a channel region divides 
the buried diffusion region 223 from the buried diffusion 
region 222. A polysilicon floating gate structure 225 as 
an extension overlying the channel region between the 
buried diffusion region 222 and the buried diffusion 
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region 223. It extends around the buried diffusion region 
222 to the buried diffusion word line 202. The floating 
gate region 225 includes a segment which extends over 
the buried diffusion word line 222 between the first bit 
line 200 and the second bit line 201 Buried diffusion s 
word line 202 acts as a control gate for the flat floating 
gate cell by capacittve coupling through the floating gate 
element 225 to the channel region between the buried 
diffusion region 222 and the buried diffusion region 223. 
The transistor M3 and the floating gate transistor M4 are 10 
laid out in a mirror image fashion around the contact 
221. 

[0036] A similar column of cells is also illustrated 
between the bit lines 210 and 21 1 . The redundancy cell 
according to the layout shown in Fig. 5 for 0.4 micron 15 
mask ROM process, has a height of about 5.3 microns 
and a width of about 2.96 microns. The width is less 
than half the width of the prior art cell in Fig. 3. 
[0037] The redundancy cell of Fig. 5 does not have the 
butting contact of the prior art cell shown in Fig. 3. This 20 
allows much more compact layout so that the cell can fit 
under current flat read only memory bit line metal with- 
out any modification to the decoder structures. Further- 
more, the layout area is about one-half of the prior art, 
for a 0.4 micron flat ROM process. The cell of Fig. 5 25 
does consume slightly greater current than the prior art 
cell of Fig. 3. However, the difference is not significant 
enough to degrade normal timing. 
[0038] Fig. 6 illustrates the implementation of a 
replacement row according to preferred embodiments 30 
of the present invention. Fig. 6 illustrates a portion of an 
array 300 of mask ROM cells. The array 300 includes a 
set of word lines WL0, WL1, and a set of bit lines GL0, 
BL0, GL1, BL1, GL2... Between each pair of bit lines, 
e.g. GL0 and BLO, there are two flat ROM cells 301 and 35 
302 The flat ROM cells are implemented for example 
as described in U.S. Patent No. 5. 11 7,389. In the array 
300 there are local bit lines 350, 351, 352 and 353 
which are accessed using right and left bank select tran- 
sistors as described in the cross referenced U.S. Patent ao 
No. 5,117,389. 

[0039] The bit lines include respective straight exten- 
sions from the array 300 into the replacement segment 
of the integrated circuit. The replacement segment 
includes a plurality of buried diffusion word lines, indud- 45 
ing buried diffusion word lines 310, 311, 312, 313 and 
314. The buried diffusion word lines are io|H 0 m* 003--. 
tiaiiy parallel with the word lines WL0 and WL1 in the 
array 300. Spaced away from the buried diffusion word 
lines, and laid out in parallel are a plurality of redundant so 
word lines RWL0-RWL7. The redundant word lines are 
implemented in polysilicon, like the word lines WL0 and 
WL1 in the array 300. Redundancy cells are imple- 
mented as described above with respect to Figs. 3 and 
4. Thus, there is a redundancy cell 320 and a redun- 55 
dancy cell 321 between the buried diffusion word line 
310 and the redundant word line RWL0. Redundancy 
cell 322 and redundancy cell 323 are laid out between 



the buried diffusion word line 31 1 and the redundant 
word line RWL1. Redundancy cells 324 and 325 lie 
between the buried diffusion word line 311 and the 
redundant word line RWL2. Redundant cells 326 and 

327 are laid out between the redundant word line RWL3 
and the buried diffusion word line 312. Redundant cells 

328 and 329 are laid out between the buried diffusion 
word line 312 and the redundant word line RWL4. 
Redundant cells 330 and 331 are laid out between the 
redundant word line RWL5 and the buried diffusion 
word line 313. Redundant cells 332 and 333 are laid out 
between the buried diffusion word line 313 and the 
redundant word line RWL6. Redundant cells 334 and 
335 are laid out between the redundant word line RWL7 
and the buried diffusion word line 314. Thus in the array 
there are sixteen redundant cells, coupled with eight 
redundant word lines. This provides resources for 
replacing two defective rows in the array 300. 

[0040] To control the array, all of the buried diffusion 
word lines 310-314 are coupled together, or driven in 
parallel. The redundant word lines RWL0-RWL8 control 
eight redundancy arrays for replacement of two normal 
word lines. The redundant word lines RWL0 and RWL2 
are driven together in the read mode by which also 
redundant word lines RWL1 and RWL3 are driven 
together. Redundant word lines RWL4 and RWL6 are 
driven together while redundant word lines RWL5 and 
RWL7 are driven together. In the main array 300, 
because there are two cells for every bit line, there is a 
bank left and bank right decoding structure imple- 
mented, as known in the prior art. The left and right 
decoding according to the implementation of Fig. 7 is 
used to drive the redundant word lines RWL0 or RWL2 
to select the cell 320 on the left or the cell 324 on the 
right of bit line BLO. 

[0041] Thus as can be seen in Fig 5, the horizontal 
pitch of the redundancy cells fits easily within the layout 
of the set of bit lines used with the array 300. The bit 
lines are provided with straight extensions through the 
redundancy column, and the column is laid out for easy 
decoding for replacement of abnormal rows in the array 
300. 

[0042] Fig. 7 illustrates the layout of the device using 
a replacement column. According to this embodiment 
the array 400 is implemented as described in the U.S. 
Patent No. 5,117,389. There are a plurality nf word 
lines. Worn line drivers are shared by with eight word 
lines, for example rows. Thus, the word line WL0 is cou- 
pled as indicated at line 401 to rows of cells in seven 
other banks. Thus, the vertical pitch of the redundancy 
cell fits between the drivers if it is smaller than the verti- 
cal pitch of eight rows in the array, as is accomplished 
with the cell of preferred embodiments of the present 
invention. Word line WL1 is coupled as indicated at 
arrow 402 to word lines in seven other banks of cells 
Also, word line WL2 is coupled as shown at arrow 403 
to seven other banks of cells. Word line WLO includes a 
straight extension 404 into the replacement column. 
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Also, cord line WL1 includes straight extension 405. 
Word line WL2 includes a straight extension 406. 
Redundant bit lines, including a first redundant data line 
407, a second redundant data line 408 and ground line 
421, are implemented on the device The redundant bit 
lines comprise metal lines like the bit lines in the main 
array. The buried diffusion word lines are laid out in the 
array substantially parallel with the word lines WL0- 
WL2, and provide control gates for the floating gate 
transistors in the redundancy cells 410-415. All the bur- 
ied diffusion word lines BDWLs are coupled together by 
line 409. The redundancy cell 410 and 41 1 share a con- 
tact 420 to a ground line 421 . Redundant cells 412 and 
413 share a contact 422 to the ground line 421 . Redun- 
dant cells 414 and 415 share a contact 423 to the 
ground line 421. The redundant bit lines 407 and 408 
are coupled to the redundancy control for use in imple- 
menting replacement columns. According to the layout 
of Fig. 7, if one column in the main array is to be 
replaced, eight sets of redundant columns are needed. 
Only two columns are shown in Fig. 7. 
[0043] Figs. 8, 9, 10 and 1 1 illustrate the control logic 
used for row and column replacement according to pre- 
ferred embodiments of the present invention, in which 
for row replacement the extra column is used to identify 
the failed row, and for column replacement the extra row 
is used to identify the failed column. 
[0044] Reference is made to Fig. 8 and Fig. 9 to illus- 
trate the operation for row replacement. In Fig. 8, 
replacement column cells are indicated in block 800 and 
replacement row cells are indicated in block 801. In the 
replacement column block 800, a redundant bit line 
RBL0, a ground bit line 802, and a redundant bit line 
RBL1 are illustrated. Word lines WL0 and WL1 in the 
array are shown with extensions 803 and 804 through 
the redundant column block 800. A first cell 805 and a 
second cell 806 are connected between the ground line 
802 and bit line RBL0. A third cell 807 and a fourth cell 
808 are coupled between the ground line 802 and bit 
line RBL1 . In this example, cell 805 is programmed with 
a high threshold while cells 806, 807 and 808 have a low 
threshold. 

[0045] In the replacement row block 801, redundant 
word line RWL0 and redundant word line RWL1 are 
coupled to a replacement word line driver 81 0. Also, the 
cells in the replacement row 801 are coupled to bit lines 
including ground line fii Q t data line BLC, and grouna 
line GL1 in the main array. By extensions 81 1, 812 and 
813 respectively. Thus in the redundant row block 801 , 
the cells 814 and 815 are connected between bit lines 
GL0 and BL0 and to respective redundant word lines 
RWL0 and RWL1. Cells 816 and 817 are coupled 
between bit line BL0 and bit line GL1 , and to the redun- 
dant word lines RWL0 and RWL1 respectively. The bit 
lines including bit line BL0 are coupled to sense amplifi- 
ers schematically represented by block 820. Of course, 
in the actual system column select circuitry and other 
circuits are included between the array and the sense 



amplifier which supply the sensed data out on line 821 , 
for this example. 

[0046] The control logic according to preferred 
embodiments of the present invention in addition to the 
5 redundant word line driver 810 includes extra sense 
amplifiers 831 and a mode select circuit 832. The extra 
sense amps 831 are coupled to the redundant bit lines 
RBL0 and RBL1. 

[0047] Timing of the operation of the circuitry in the 

10 row mode is illustrated in Fig. 9. In Fig. 9, an address for 
accessing the main array becomes valid during a time 
interval 850. The buried diffusion word lines for the 
redundant row and redundant column are held at a high 
potential as indicated at trace 851. Row decoding 

15 results in, for this example, word line WL0 being driven 
to a read potential at time 852 while word line WL1 
remains ground as indicated by trace 853. At time 854, 
the bit line GL0 is driven to ground while the bit line BL0 
remains at the read precharge potential in order to 

20 select the column between bit lines GL0 and BL0. For 
row replacement, the state of the cell 805 coupled to 
replacement bit line RBL0 and to word line WL0 is 
sensed at point 855. Because the cell 805 has a high 
threshold, sense amp 831 will cause redundant word 

25 line RWL0 to be driven to a read potential at point 857. 
[0048] Redundant bit line RBL1 remains at the ground 
potential as indicated by trace 856. Redundant word 
line RWL1 remains at the ground potential as indicated 
by trace 858. 

30 [0049] At the same time as driving the redundant word 
lines, the row decoder for the word lines WL0 and WL1 
is disabled. This causes the sense amplifier circuitry 
820 to sense the data on bit line BL0 at point 859 with 
the resulting data output at time 860 being read from the 

35 replacement row 801 . In this case, the replacement cell 
814 on redundant word line RWL0 is selected as a 
replacement for the ROM cell addressed by word line 
WLO and found between bit lines GL0 and BL0. 
[0050] The logic coupled to the sense amps 831 also 

40 generates a signal on line 833 to disable the row 
decoder for the normal array when it is detected that a 
particular row is to be replaced by the extra row 801 . 
[0051] In this embodiment of the present invention, for 
each replacement row, there must be a replacement 

45 column which can be programmed with a bit to indicate 
the particular row in the array «nr whi C h the replacement 
row is to be used. 

[0052] Column replacement can be understood with 
respect to Figs. 10 and 1 1 in which like reference num- 

50 bers are used where appropriate for like components as 
used in Fig. 8. Thus, the replacement column 800 is 
shown and the replacement row 801 is shown. A Y- 
select transistor 870 is included which is turned on in 
order to enable sensing of the replacement row as a 

55 identifier of a column to be replaced. Also, the output of 
the sense amplifier circuitry 820 on line 821 is supplied 
to a "flip" circuit 871 . The output of the flip circuit 871 is 
supplied on line 872 to provide the value of the data 
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stored in the replacement column 800. The normal 
sense amp 820 also supplies its output on line 873, as 
signal REDS to a sense amp redundancy control logic 
874 The sense amp redundancy control logic 874 is 
responsive to the output of the extra sense amplifier 831 5 
and the signal REDS on line 873 to generate a control 
signal DAF on line 875 which controls the flip circuit 871 
in order to ensure that the proper data is supplied on 
line 872 as indicated by the contents of the replacement 
column 800. Similarly, a mode select circuit, such as a w 
content addressable memory which indicates the col- 
umn mode replacement 876 is coupled to the control 
logic 874 to enable column replacement. 
[0053] The timing for the column replacement is 
shown in Fig. 11. An address for column replacement is 
mode becomes valid at time 880 as indicated in Fig. 1 1 . 
The buried diffusion word lines, as indicated at trace 
881. are charged to the supply potential. The row 
decoding causes the word line in the array to be driven 
to a read potential at time 882 for in this example word 20 
line WLO. Word line WL1 remains the ground potential 
as indicated at trace 883. Bit line GL0 is driven to the 
ground potential at time 884 to select the column 
between bit line GL0 and bit line BL0 in the array. In 
order to enable the replacement column, the select tran- 25 
sistor 870 is driven with the control signal YRP at 
ground potential at time 885. Also, the replacement 
word line RWL0 is driven to a read potential at time 886. 
Replacement row RWL1 is left at the ground potential 
as indicated at trace 887, when the row coupled to so 
redundant RWL0 is used to select a replacement col- 
umn. With the replacement word line RWL0 and the bit 
line BL0 charged to the read potential in the redundant 
array, sense amp 820 generates the output REDS at 
time 890 in response to data 891 on bit line BL0. The 35 
redundant sense amp 831 and the sense amp control 
circuit 874 generate the signal DAF at time 892 in 
response to the data 893 indicated by redundant bit line 
RBL0. Redundant bit line RBL1 remains at the bound 
potential as indicated by line 894. ao 
[0054] At time 895. the control signal YRP and the 
replacement word line RWL0 are driven to opposite 
states. This connects the main array to the sense amp 
circuitry 820, and turns off the extra row circuitry 801. 
Bit line BL0 at time 896 therefore reflects the actual data as 
stored in the array at the row indicated by word line WLO 
in the defpct»ve colL^mn. However, ii ie DAF signal at time 
892 indicates the actual data to be output. Sense amp 
820 supplies the signal on line 821 which may supply 
the wrong data because of the failed column during time so 
interval 897. However, the DAF signal causes the flip 
circuit 871 to cause the data during interval 898 to indi- 
cate the correct data. 

[0055] "Thus, the replacement column is programmed 
with data to cause a cell in the array which stores 0 but 55 
should store 1 to be inverted by the flip circuit 871, or 
data in the array which stores 1 which should store a 0 
to be inverted by the flip circuit 871. If the data in the 



array is correct, then it may not be inverted by the flip 
circuit 871 and the replacement column stores a value 
indicating that the actual array data is correct for this 
row. Thus for example, if four data bits in a particular 
column read 1 1 1 1 , but the correct data is 1010, then the 
redundant column will store 0101. This will cause that 
the flip circuit to invert the data stored in the second and 
fourth rows to the correct values. Alternatively, if the 
data in the array reads 0000, but the correct data is 
1010, then the data in the redundant column is also 
1010. This causes the first and third bits in the array to 
be inverted from 1 to 0. 

[0056] Accordingly, the preferred embodiment of the 
present invention allows the use of the extra column and 
the extra row in place of additional address registers for 
storing the address for failed rows and failed columns, 
such as used in the prior art. However, the unique 
redundancy cells of preferred embodiments of the 
present invention are also suitable using more tradi- 
tional failure addressing techniques. 
[0057] Accordingly, a redundancy architecture has 
been provided which is based on a two transistor redun- 
dancy cell that has a layout of about half of the layout of 
typical prior art. Both row and column failure can be 
fixed using the redundancy architecture of preferred 
embodiments of the present invention. Also, the redun- 
dant array can be utilized not only for code replacement 
but also for implementing the failure address register. 
[0058] The foregoing description of a preferred 
embodiment of the invention has been presented for 
purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. Obviously, many modifications 
and variations will be apparent to practitioners skilled in 
this art 

Claims 

1. An integrated circuit memory comprising: 

an array of read only memory cells; 

a set of bit lines coupled with the array; 

a plurality of sense amplifiers, coupled to the 

set of bit lines, which sense data values stored 

in the array in selected columns in response to 

addresses: 

a set of word lines ooupled with the array; 
a plurality of word line drivers coupled to the set 
of word lines, which drive a read potential to 
rows of memory celts in the array in response 
to addresses; 

a column of electrically programmable memory 
cells coupled to the set of word lines, including 
an extra bit line coupled to the column of elec- 
trically programmable memory cells and an 
extra sense amplifier coupled to the extra bit 
line; 

a row of electrically prcgrammable memory 
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cells coupled to the set of bit lines, including an 
extra word line coupled to the row of electrically 
programmable memory cells, and an extra 
word line driver coupled to the extra word line; 
and 5 
logic coupled to the extra sense amplifier and 
the extra word line driver which is responsive to 
data stored in an electrically programmable 
memory cell in the extra column and coupled to 
a particular word line in the set of word lines 10 
indicated by output of the extra sense amplifier 
to enable the plurality of sense amplifiers to 
output data from the extra row as a replace- 
ment for the particular row in the array. 

15 

2. The integrated circuit memory of claim 1, wherein 
the electrically programmable memory cells in the 
extra row comprise: 

a diffusion word line spaced away from the 20 
extra word line; 

first and second diffusion regions between the 
diffusion word line and the extra word line, and 
a channel region between the first diffusion 
region and the second diffusion region; 2s 
a third diffusion region adjacent the extra word 
line opposite the second diffusion region, 
arranged so that the second diffusion region 
acts as a source terminal, the third diffusion 
region acts as a drain terminal, and the extra 30 
word line acts as a gate of a transistor; 6. 
a floating gate member arranged to overly a 
segment of the diffusion word line, and to 
extend between the diffusion word line and the 
extra word line around the first diffusion region 35 
and over the channel region between the first 
diffusion region and the second diffusion 
region; and 

a first contact between the first diffusion region 
and a first bit line in the set of bit lines, and a 40 
second contact between the third diffusion 
region and a second bit line in the set of bit 
lines. 

3. The integrated circuit memory of claim 2, wherein 46 
the first bit line in the set of bit lines comprises a 

ground line. 

4. The integrated circuit memory of any of claims 1 to 

3, wherein the array of read only memory cells com- so 
prise mask programmed read only memory cells. 

5. An integrated circuit memory comprising: 

an array of read only memory cells; 55 
a set of bit lines coupled with the array; 
a plurality of sense amplifiers, coupled to the 
set of bit lines, which sense data values stored 



in the array in selected columns in response to 
addresses; 

a set of word lines coupled with the array; 
a plurality of word line drivers coupled to the set 
of word lines, which drive a read potential to 
rows of memory cells in the array in response 
to addresses; 

a column of electrically programmable memory 
cells adjacent the array and coupled to the set 
of word lines, including an extra bit line coupled 
to the column of electrically programmable 
memory cells and an extra sense amplifier cou- 
pled to the extra bit line; 
a row of electrically programmable memory 
cells adjacent to the array and coupled to the 
set of bit lines, including an extra word line cou- 
pled to the row of electrically programmable 
memory cells, and an extra word line driver 
coupled to the extra word line; and 
logic coupled to the extra sense amplifier and 
the extra word line driver which is responsive to 
data stored in a electrically programmable 
memory cell in the extra row and coupled to a 
particular bit line in the set of bit lines indicated 
by output of a sense amplifier in the plurality of 
sense amplifiers, and to output of the extra 
sense amplifier to output data from the extra 
column as a replacement for the particular col- 
umn in the array. 

The integrated circuit memory of claim 5, including 
extensions of word lines in the set of word lines 
which couple the electrically programmable mem- 
ory cells in the extra column to the set of word lines 
in the array and wherein the electrically program- 
mable memory cells in the extra column comprise: 

a diffusion word line spaced away from a par- 
ticular extension of a particular word line in the 
set of word lines; 

first and second diffusion regions between the 
diffusion word line and the particular extension, 
and a channel region between the first diffusion 
region and the second diffusion region; 
a third diffusion region adjacent the particular 
extension nnposlte the second diffusion itsyion, 
arranged so that the second diffusion region 
acts as a 6ource terminal, the third diffusion 
region acts as a drain terminal, and the partic- 
ular extension acts as a gate of a transistor; 
a floating gate member arranged to overly a 
segment of the diffusion word line, and to 
extend between the diffusion word line and the 
particular extension around the first diffusion 
region and over the channel region between 
the first diffusion region and the second diffu- 
sion region; and 

a first contact between the first diffusion region 
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and the first redundant bit line, and a second 
contact between the third diffusion region and 
the second redundant bit line. 

7. The integrated circuit memory of claim 6, wherein s 
the first redundant bit line comprises a ground line. 

8. The integrated circuit memory of claim 5, wherein 
the array of read only memory cells comprise mask 
programmed read only memory cells. 10 

9. An integrated circuit memory comprising: 

an array of read only memory cells; 

a set of bit lines coupled with the array ; 15 

a plurality of sense amplifiers, coupled to the 

set of bit lines, which sense data values stored 

in the array in selected columns in response to 

addresses; 

a set of word lines coupled with the array; 20 
a plurality of word line drivers coupled to the set 
of word lines, which drive a read potential to 
rows of memory cells in the array in response 
to addresses; 

a column of electrically programmable memory 25 
cells adjacent the array and coupled to the set 
of word lines, including an extra bit line coupled 
to the column of electrically programmable 
memory cells and an extra sense amplifier cou- 
pled to the extra bit line; 30 
a row of electrically programmable memory 
cells adjacent to the array and coupled to the 
set of bit lines, including an extra word line cou- 
pled to the row of electrically programmable 
memory cells, and an extra word line driver 35 
coupled to the extra word line; and 
logic coupled to the extra sense amplifier and 
the extra word line driver having 

a first mode which is responsive to data 40 
stored in an electrically programmable 
memory cell in the extra column and cou- 
pled to a particular word line in the set of 
word lines indicated by output of the extra 
sense amplifier to enable the plurality of as 
sense amplifiers to output data from the 
cm 1 a row as a replacement for the particu- 
lar row In the array, 

a second mode which is responsive to data 
stored in an electrically programmable 50 
memory cell in the extra row and coupled 
to a particular bit line in the set of bit lines 
indicated by output of a sense amplifier in 
the plurality of sense amplifiers, and to out- 
put of the extra sense amplifier to output 55 
data from the extra column as a replace- 
ment for the particular column in the array, 
and 



a mode select circuit by which one of the 
first and second modes is selected. 

10. The integrated circuit memory of claim 9, wherein 
the electrically programmable memory ceils in the 
extra row comprise: 

a diffusion word line spaced away from the 
extra word line; 

first and second diffusion regions between the 
diffusion word line and the extra word line, and 
a channel region between the first diffusion 
region and the second diffusion region; 
a third diffusion region adjacent the extra word 
line opposite the second diffusion region, 
arranged so that the second diffusion region 
acts as a source terminal, the third diffusion 
region acts as a drain terminal, and the extra 
word line acts as a gate of a transistor; 
a floating gate member arranged to overly a 
segment of the diffusion word line, and to 
extend between the diffusion word line and the 
extra word line around the first diffusion region 
and over the channel region between the first 
diffusion region and the second diffusion 
region; and 

a first contact between the first diffusion region 
and a first bit line in the set of bit lines, and a 
second contact between the third diffusion 
region and a second bit line in the set of bit 
lines. 

11. The integrated circuit memory of claim 10, wherein 
the first bit line in the set of bit lines comprises a 
ground line. 

12. The integrated circuit memory of claim 9, wherein 
the array of read only memory cells comprise mask 
programmed read only memory cells. 

13. The integrated circuit memory of claim 9. including 
extensions of word lines in the set of word lines 
which couple the electrically progmmmable mem- 
ory cells in the extra column to the set of word lines 
in the array and wherein the electrically program- 
mable memory cells in the sxtra column wjmprise: 

a diffusion word line spaced away from a par- 
ticular extension of a particular word line in the 
set of word lines; 

first and second diffusion regions between the 
diffusion word line and the particular extension, 
and a channel region between the first diffusion 
region and the second diffusion region; 
a third diffusion region adjacent the particular 
extension opposite second diffusion region, 
arranged so that the second diffusion region 
acts as a source terminal, the third diffusion 
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region acts as a drain terminal, and the partic- 
ular extension acts as a gate of a transistor; 
a floating gate member arranged to overly a 
segment of the diffusion word line, and to 
extend between the diffusion word line and the 
particular extension around the first diffusion 
region and over the channel region between 
the first diffusion region and the second diffu- 
sion region; and 

a first contact between the first diffusion region 
and the first redundant bit line, and a second 
contact between the third diffusion region and 
the second redundant bit line. 

14. The integrated circuit memory of claim 13, wherein 15 
the first redundant bit line comprises a ground line. 



20 



25 



30 



35 



40 



45 



50 



5 



10 



11 



EP 0 913 773 A1 



13 

Z 



1 1A 




o 
o 

>- 
o 
z 
< 
o 
;z 

Z) 
Q 
UJ 

tr 



11 




ROM 
ARRAY 



^12 



REDUNDANCY ROW 



YPASS 



SENAMP 



DATA OUT 



" 17 
A- 19 



FIG. I 



12 



EP 0 913 773 A1 



BLO 



— 100 



RWLO 



RWL1 



102 



M1 



M2 



V 

103 



FIG. 2 

PRIOR ART 



13 



EP 0 913 773 A1 




FIG. 5 

16 



EP 0 913 773 A1 



GLO BLO 
301 302 



WLO 

WL1 
NORMAL 

+ 

REDUNDANCY 
BDWL 

RWLO 
RWL1 

BDWL ■ 

RWL2 
RWL3 * 

BDWL » 



RWL4 
RWL5 



BDWL 



RWL6 
RWL7 



BDWL 




309 



FIG. 6 



17 



EP 0 913 773 A1 



REDUNDANCY 



NORMAL 



RBLO 



RBL1 




TO 

REDUNDANCY 
CONTROL 



BOWL 



FIG. 7 



18 



EP 0 913 773 A1 




BDWL' 



806 ^T kT 

BDWL* >P\ *B 



T 807 
■BDWL 




808 
BDWL 
GNG^802 



->WL0 



BLO 81 \ G L1 
^ -812 



RED. COLUMN 
831 




REDUNDANCY 
SENAMP 



CAM 
FOR 
COL. ROW! 
MODE 



•833 

DISABLE 

ROW DECODER 



WITHOUT PROGRAMING 
LOW VT 

REDUNDANCY CELL 
WITHOUT PROGRAMING 
HIGH VT 



SENAMP-^" 820 

JSOUT 
4^-821 



FIG. 8 



19 



EP 0 913 773 A1 



ADDR. y 
BOWL 



850 



WLO GND 



GND 

WL1 — 



~ 

851 



852 853 



RBLO 



855 



RBL1 856 



GND 857 

RWLO — 



GNO 



858 



RWL1 c± 



GLO ~ ~~V— 854 

UST LINE VOLTAGE 



GND 



GL1 



UST LINE VOLTAGE 



BLO 859 



SOUT 




860 



FIG. 9 



20 



EP 0 913 773 A1 




>WL0 



>WL1 



BLO 
^-870 

" J| ■ YRP 



GLO 812 



813 



GL1 



RED. COLUMN 
831 



81 1 



jBDWL 

_L^814 



BDWL* 

817. _L 



REDUNDANCY 
SENAMP 





RWL 
DRIVER 



NORMAL 
SENAMP 
REDUNDANCY 
CONTROL 

— It 



RED. ROW 



BLO 



REDS 



.873 



i 



801 

SENAMP^ 820 



874 
DAF 



875 



SOUT1 
' -871 



FLIP 
CIRCUIT 



FIG. 10 



SOUT2 
7^-872 



21 



EP 0 913 773 A1 



ADDR. ) C 
BDWL 



880 



WLO 
WL1 



GND 



GND 



881 

882 8 , 83 



893 



RBLO c ~ --j-,--- 

885 RBL 894 



YRP V~_ XT 

^895 

895 



GND XT 
RWLO 88 6 



RWL1 



GND 



887 



GL0 V- 884 GND 

UST LINE VOLTAGE 



GL1 UST LINE VOLTAGE 



891 



896 



BLO 



FROM NORMAL ARRAY 



FROM RED. ARRAY . 

REDS \ 

890 

DAF /^-892 

897 

S0UT1 ^> /~ 

S0UT2 / ^ V_ 

898 

FIG. 1 1 



22 



EP 0 913 773 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 30 8767 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant postages 



EP 0 686 980 A (FUJITSU LTD ; FUJITSU VLSI 
LTD (JP)) 

* column 6, line 26 - column 7, line 3 * 

* column 19, line 47 - column 21, line 58 

* figures 19-24 * 

EP 0 778 528 A (TOKYO SHIBAURA ELECTRIC 
CO] 

* abstract * 

* page 4, line 31 - page 5, line 52 * 

* page 7, line 5 - line 8 * 

* page 8, line 55 - page 9, line 5 * 

* page 13, line 31 - line 33 * 

* figures 1-5,11 * 



Relevant 
to claim 



1.2.4-6 
8-10.12 
13 



1-6,8-13 



The present search report has been drawn up lor 41 dams 



Pboe of Man* 

BERLIN 



D*e of contfetpon of tit* search 

31 March 1998 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



G06F11/20 



TECHNICAL FIELDS 
SEARCHED (Irrt CLG) 



G06F 



Nasche, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant I taken atone 

Y : parti ou tarty relevant ioeinbined wtti another 

document of the eama category 
A : technological background 
O : nofl-wrtttan rfecJocure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document but publahed on, or 

after the 11 tig date 
D : document ofted ml 
L : document c*«d for other n 



A : member of the ■ 
document 



e patent famly, oormaponding. 



23 



